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1. BSNE

Table 1. DC Characteristics”

Parameter Symbol Test Condition Min | Typ | Max | Unit
Supply Voltage Vop 1.8 | 3.3 | 3.8 Vv
Range
Power Saving Modes | Ishutdown RC Oscillator, Main Digital Regulator, — | 30 | — nA

and Low Power Digital Regulator OFF
Istandby Register values maintained and RC — | 40 — nA
oscillator/WUT OFF
ISleepRC RC Oscillator/WUT ON and all register values — | 740 | — nA
maintained, and all other blocks OFF
ISleepx0 Sleep current using an external 32 kHz crystal. — |17 — | pA
ISensor -LBD Low battery detector ON, register values — 1 — | WA
maintained, and all other blocks OFF
|Ready Crystal Oscillator and Main Digital RegulatorON, | — | 1.8 | — | mA
all other blocks OFF
Preamble Sense lpsm Duty cycling during preamble search, — 6 — | mA
Mode Current 1.2 kbps, 4 byte preamble
lpsm Fixed 1 s wakeup interval, 50 kbps, 5 byte — 10 — HA
preamble
TUNE Mode Current | lryne Rx RX Tune — | 76 | — | mA
ITune_TX TX Tune — 7.8 — mA
RX Mode Current IRxH — | 187 — | mA
TX Mode Current lry +20 | +20 dBm output power, class-E match, 490 MHz, | — | 75 | — | mA
Si4438) - 33V

*Note: All minimum and maximum values are guaranteed across the recommended operating conditions of supply voltage
and from —40 to +85 °C unless otherwise stated. All typical values apply at VDD = 3.3 V and 25 °C unless otherwise
stated.

4 {ZiThR 1.0
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Table 2. Synthesizer AC Electrical Characteristics’

Parameter Symbol Test Condition Min | Typ | Max | Unit
Synthesizer Frequency Fsyn 425 — 525 | MHz
Range (Si4438)

Synthesizer Frequency Fres-525 425-525 MHz — | 143 — | Hz
Resolution?
Synthesizer Settling Time t ock Measured from exiting Ready mode with | — 50 — us

XOSC running to any frequency.
Including VCO Calibration.

Phase Noise Lo(fym) AF =10 kHz, 460 MHz — | =109 | — | dBc/Hz
AF =100 kHz, 460 MHz — | -1 — | dBc/Hz
AF =1 MHz, 460 MHz — | =131 | — |dBc/Hz
AF =10 MHz, 460 MHz — | =141 | — | dBc/Hz
Notes:

1. All minimum and maximum values are guaranteed across the recommended operating conditions of supply voltage and
from —40 to +85 °C unless otherwise stated. All typical values apply at VDD = 3.3 V and 25 °C unless otherwise stated.
2. Default API setting for modulation deviation resolution is double the typical value specified.

{EiTHR 1.0 5
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Table 3. Receiver AC Electrical Characteristics'

Parameter Symbol Test Condition Min Typ Max | Unit
RX Frequency Frx 425 — 525 | MHz
Range (Si4438)
RX Sensitivity? Prx 05 (BER < 0.1%) — -124 — dBm
B (500 bps, GFSK, BT = 0.5,
Af = +250Hz)?
Prx 40 (BER < 0.1%) — -108 — dBm
- (40 kbps, GFSK, BT = 0.5,
Af = 20 kHz)?
Prx_100 (BER < 0.1%) — -104 — dBm
(100 kbps, GFSK, BT = 0.5,
Af = £50 kHz)'
Prx 96 (BER < 0.1%) — -114 — dBm
B (9.6 kbps, GFSK, BT = 0.5,
Af = +4.8 kHz)?
Prx ook | (BER <0.1%, 4.8 kbps, 350 kHz BW, — -108 — dBm
- OOK, PN15 data)?
(BER < 0.1%, 40 kbps, 350 kHz BW, — -102 — dBm
OOK, PN15 data)?
(BER < 0.1%, 120 kbps, 350 kHz BW, — -98 — dBm
OOK, PN15 data)?
RX Channel Bandwidth BW 1.1 — 850 kHz
RSSI Resolution RESRssg) — 0.5 — dB
1+1-Ch Offset Selectivity, Clly_cH Desired Ref Signal 3 dB above — —60 — dB
450 MHZz? sensitivity, BER < 0.1%. Interferer is
CW, and desired is modulated with
2.4 kbps
AF = 1.2 kHz GFSK with BT = 0.5, RX
channel BW = 4.8 kHz,
channel spacing = 12.5 kHz
Blocking 1 MHz Offset? 1MgLock Desired Ref Signal 3 dB above — 77 — dB
: 5 8M sensitivity, BER = 0.1%. Interferer is 84 4B
Blocking 8 MHz Offset BLOCK | CW, and desired is modulated with | — | ~ -
2.4 kbps,
AF = 1.2 kHz GFSK with BT = 0.5,
RX channel BW = 4.8 kHz
Image Rejection Imggy Rejection at the image frequency. — 40 — dB
IF = 468 kHz

Notes:

1. All minimum and maximum values are guaranteed across the recommended operating conditions of supply voltage and
from —40 to +85 °C unless otherwise stated. All typical values apply at VDD = 3.3 V and 25 °C unless otherwise stated.
2. Measured over 50000 bits using PN9 data sequence and data and clock on GPIOs. Sensitivity is expected to be better
if reading data from packet handler FIFO especially at higher data rates.

{EiThR 1.0
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Table 4. Transmitter AC Electrical Characteristics'

Parameter Symbol Test Condition Min Typ | Max | Unit
'I;);nlz;rsquency Frx 425 — 525 MHz
(G)FSK Data Rate? DRgsk 0.1 — | 500 | kbps
OOK Data Rate® DRook 0.1 — | 120 | kbps
I\R/I;)ggleation Deviation Afss 495525 MHz . 750 . KHz
gg:;ﬁﬁf:sljewaﬁon FrRes-525 425-525 MHz — | 143 — Hz
Output Power Range* Typical range at 3.3 V

Prx with class E match optimized for best | =20 | — | +20 | dBm
PA efficiency.
TX RF Output Steps APRE ouT Using Class E meggcv(:\?thin 6dBofmax | 0.25 . dB

TX RF Output Level

Variation vs. Temperature APRF_TEMP —40 to +85 °C — 2.3 — dB
TX RF Output Level

Variation vs. Frequency APRF_FREQ — 0.6 — dB
Transmit Modulation B*T Gaussian Filtering Bandwith Time 05

Filtering Product — . —

Notes:
1. All minimum and maximum values are guaranteed across the recommended operating conditions of supply voltage and
from —40 to +85 °C unless otherwise stated. All typical values apply at VDD = 3.3 V and 25 °C unless otherwise stated.
2. The maximum data rate is dependent on the XTAL frequency and is calculated as per the formula:
Maximum Symbol Rate = Fxtal/60, where Fxtal is the XTAL frequency (typically 30 MHz).
3. Default API setting for modulation deviation resolution is double the typical value specified.
4. Output power is dependent on matching components and board layout.

{EiTHR 1.0 7
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Table 5. Auxiliary Block Specifications1

Parameter Symbol Test Condition Min Typ Max Unit
Temperature Sensor TSg — 4.5 — ADC
Sensitivity Codes/

°C

Low Battery Detector LBDRgs — 50 — mV
Resolution
Microcontroller Clock Fme Configurable to Fxtal or Fxtal | 32.768K — Fxtal Hz
Output Frequency Range2 divided by 2, 3, 7.5, 10, 15, or

30 where Fxtal is the reference

XTAL frequency. In addition,

32.768 kHz is also supported.
Temperature Sensor TEMP¢t Programmable setting — 3 — ms
Conversion
XTAL Range® XTALRange 25 — 32 MHz
30 MHz XTAL Start-Up Time tsom Using XTAL and board layout in — 300 — us

reference design. Start-up time

will vary with XTAL type and
board layout.

30 MHz_XTAL Cap 30MRgs o 70 o fF
Resolution
32 kHz XTAL Start-Up Time t30k — 2 — sec
32 kHz Accuracy using 32KRCRgs — 2500 — ppm
Internal RC Oscillator
POR Reset Time tror — — 6 ms

Notes:

1. All minimum and maximum values are guaranteed across the recommended operating conditions of supply voltage and
from —40 to +85 °C unless otherwise stated. All typical values apply at VDD = 3.3 V and 25 °C unless otherwise stated.
2. Microcontroller clock frequency tested in production at 1 MHz, 30 MHz, 32 MHz, and 32.768 kHz. Other frequencies

tested in bench characterization.
3. XTAL Range tested in production using an external clock source (similar to using a TCXO).

8 {ZiThR 1.0
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Table 6. Digital 10 Specifications (GPIO_x, SCLK, SDO, SDI, nSEL, nIRQ, SDN)'

Parameter Symbol Test Condition Min Typ Max Unit

Rise Time?3 Trse | 0.1xVppto 0.9 x Vpp, — 2.3 — ns

C_=10pF,
DRV<1:0>=LL
Fall Time3* Teall | 0.9xVppto 0.1 x Vpp — 2 — ns
C. =10 pF,
DRV<1:0> = LL

Input Capacitance CiN — 2 — pF

Logic High Level Input Voltage Vi Vppx0.7 | — — \%

Logic Low Level Input Voltage VL — — | Vppx0.3 \Y,
Input Current N 0<V|n< Vpp -1 — 1 MA
Input Current If Pullup is Activated | Ijyp ViL=0V 1 — 4 MA
Drive Strength for Output Low lomaxLL DRV[1:0] = LL3 — 6.66 — mA
Level lomaxLH DRV[1:0] = LH3 — 503 | — mA
lomaxHL DRV[1:0] = HL® — 3.16 — mA

lomaxHH DRV[1:0] = HH3 — 1.13 — mA

Drive Strength for Output High lomaxLL DRV[1:0] = LL3 — 5.75 — mA
Level lomaxLH DRV[1:0] = LH3 — |43 — mA
lomaxHL DRV[1:0] = HL® — 2.73 — mA

lomaxHH DRV[1:0] = HH3 — 0.96 — mA

Drive Strength for Output High lomaxLL DRV[1:0] = LL3 — 2.53 — mA
Level for GPIO0 lomaxLH DRV[1:0] = LH3 _ 221 | — mA
lomaxHL DRV[1:0] = HL® — 1.7 — mA

lomaxHH DRV[1:0] = HH3 — 0.80 — mA

Logic High Level Output Voltage VoH DRV[1:0] = HL Vppx0.8 | — — \Y%

Logic Low Level Output Voltage VoL DRV[1:0] = HL — — |Vppx0.2 \Y

Notes:

stated.

pODN

6.7 ns is typical for GPIOO rise time.
Assuming VDD = 3.3V, drive strength is specified at Voh (min) = 2.64 V and Vol(max) = 0.66 V at room temperature.
2.4 ns is typical for GPIOQ fall time.

1. All minimum and maximum values are guaranteed across the recommended operating conditions of supply voltage
and from —40 to +85 °C unless otherwise stated. All typical values apply at VDD = 3.3 V and 25 °C unless otherwise

SILICON LABS
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Table 7. Thermal Operating Characteristics

Parameter Value Unit
Operating Ambient Temperature Range Tp —40 to +85 °C
Thermal Impedance 05 25 °C/W
Junction Temperature T jpax +105 °C
Storage Temperature Range Tg1g -55 to +150 °C
Table 8. Absolute Maximum Ratings*

Parameter Value Unit
Vpp to GND -0.3, +3.8 \
Instantaneous Vrr_peak to GND on TX Output Pin —0.3, +8.0 vV
Sustained VRg_peak to GND on TX Output Pin —0.3,+6.5 vV
Voltage on Digital Control Inputs -0.3, Vpp + 0.3 vV
Voltage on Analog Inputs -0.3, Vpp + 0.3 vV
Voltage on XIN Input when using a TCXO —0.7, Vpp + 0.3 vV
RX Input Power +10 dBm

*Note: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These
are stress ratings only and functional operation of the device at or beyond these ratings in the operational sections of
the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability. Power Amplifier may be damaged if switched on without proper load or termination connected. TX
matching network design will influence TX VRg_peak 0N TX output pin. Caution: ESD sensitive device.

10
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2. TheehmR

Si4438 IREFENSIERLRERNTL ISM KUARS , AIBRTIKFREER. 1.8-3.8 V R T{ERE R KSR RIEME
{# Si4438 ARt FRRVIEMRZ %, Si4438 TERT AR TKIARS (TDD) , I REASTFHENEUREE. 1%
IR SRR A HERIMESSCI 2 4k FSK/IGFSK & OOK i@HIRBKS SXZ ARIRNY IF SAR, IRE—REga
TUKEE (PGA) , (55@ITE RN A ADC #IEEHR A, , ST TENE DSP FRGER. RIEH. HiKREGE
B |, EXSTFETEIAIESS | 98 TRIESHIMEREIIRIEE. BIUn/REN GPIO ZBIIHE 64 FT RX
FIFO B9tRfE SPI Bk , BERABNESTHEHE MCU R4,

T REIEEFIRIEEARERR T , AR MISRBEANIRSSS (LO) RNATFASIFEKIER. LO HERL VCO
0 AS Fractional-N PLL & 5k28%Imk. SRESFARSZIFIECERIM 100 bps EJ 500 kbps FUEIRIEMER. (£HAI FSK
IR EEERIHANA SRR TSI RE S R BIEL RS RIS S 2.

Si4438 BE—IhEMAES (PA) , AITEREIIRERE T SIFHHINESIA +20 dBm , {HEFE 75 mA UK. MY
+20 dBm INERFAES A AT AMER AR R I BE R RS R T/ MR R I IRFIFIR A BERAE. B=RFEH
HEMRR S REER KRB RIINDRA UL RS, BmAIThERASESLI 7 5 T REBE M EFEM
BIREA, THERRCSRE S E MR EFFIRR FREEE LR/ D SRASTET B, Si4438 FrRERTISH: TX/RX FFxX
EHRIFIRE D EFFFEFILY E IR RS e, NBEXRE,ETRETH—ST B eEfRS . R&nE
STEERET Sid4438 hHAFRFHEETREIRS 8-10 dB , NMSEIMAEAFAIMERE T AIEEERIEIN, SEY
AL BRI ENIERE A SCE LT8R B4R B EmSFNMEE. B EsIREEERT s, ([KEERNEE. 64 =1
TX/IRX FIFO , REISHNEMINRFINAES | alif/ BB RmEEH O FERRERANER S MCU, ERBREER
25, NMEEE(I (POR)K GPIO AJH—Z iR/ B RRFAAFIR T, Si4438 5]5 MCU., &SI fI—E&FTiFETHHET
{ELABIRE R AR R St

®
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3. {EHIEEO

3.1. EBiTHMEEDO (SPI)

Si4438 i@ —HnfE 4 &HMEREO (SPI) 5FH MCU #17i@ifl. SCLK, SDI, SDO #0 nSEL, SPI ZOTJERA
10 MHz FI{EinfT. SPI ERESEUE X 9 hERMRAA. 41 MCU iBiT SDI 5|ISNEIEFHEIM SDO #HiH5 |
RS RERER. B 1 By SPI BEm<. nSEL 5|HIRHELUSE SPI @<, SDI #iRIE— N FHaMA
BEEEE n MESEEENETEEGSHPZ— , RESHEHIEFTSREERGSHITEN. SCLK B EFARM
5 SDI BEAHIOIIT.

Table 9. Serial Interface Timing Parameters

Symbol Parameter Min Max Diagram
(ns) | (ns)
tcH Clock high time 40
toL Clock low time 40
scLk | /]
tDS Data Setup time 20 tss LtC_L’I teH tos [ tow | [_too tsh | toe
I
toH Data hold time 20
sDI X
top | Output data delay time 43
toe Output disable time 45
sbo C ——
tss Select setup time 20
t.
ten Select hold time 50 - -
nSEL
tsw Select high period 80
*Note: CL =10 pF; VDD = 1.8 V; SDO Drive strength setting = 10.

nSEL _L J_

SDO

SDI < FW Command >< Param Byte 0 > e o o .< Param Byte n >

Figure 1. SPI Write Command

Si4438 B —MEE MCU , mlizHILLEBIFrENERThEE. XIF SPI EENG<S , —ARAY MCU 1Bk RXmAZR
SERRAER MCU BT , HEEEIRERIFEID SDO 2 |imtH. B 2ER7T SPISHGSH—®iniE, —8
CTS (B8R FFh BPAIEHAVEURFBIIS AT HEIFA MCU, —NERX FFh CTS 1SE8—A%FEAY /9 20 s, B 3
B7RTTE CTS #i8E N FFh SHOZEVEIRA. WEB MCU £7ETEEATEMaE SDO #EIELMEEHN, MCU BEBTE
SCLK B9 EFHALIE SDO #iE.

12 {ZiThR 1.0
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Firmware Flow

OxFF Retrieve
Send Command ———p Read CTS Response
* 0x00
NSEL |
SDO < CTS >
sbl {  ReadCmdBuff >
SCK
Figure 2. SPI Read Command—Check CTS Value
NSEL B

SDO < Response Byte 0 > ¢ o e < Response Byte n >

SDI

Figure 3. SPI Read Command—Clock Out Read Data

{EiTh 1.0
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3.2. {RiEIRSTFrR

BRI SRR B /o Iisfta] CTS #irl RIS ENEf7es.  BEIMREIIN 78 dmiz N BB ER
TRE. TRIENEN ZF=RrIiEIT API ap<S IR , 0x50 (URIRENIRL A , 0x51 FUFRIRIENTAL B , 0x53 FUFRIRIENAL
C , Ox57 fAFRPUENIN D, HRIENMMNZFREA)EE “FRR_CTL_X_MODE” BitH#H{TiE.

RN 7R3 B AT RELAS AR BKIFRIS TURIEEN. ERIIRRY 16 DRITMERS , BIEINRY 8 NITtHEIRS S LATER
AU7TEURT A T — MREIBN RIS, RA NSEL kS5 FRR B SWEH.

3.3. T{RiEVFNitad

Si4438 RUIIAIRSTE B 4 FER. KRS SMEXRATLBUR/IMEBRIBRE. NTFE—A4FENNAE , 5
FHEEIR. SPIiERN. /ES. TXJEFIEF RX IEBLARMACERIRIBFEN RX/TX BUNmAATE, APl 5<% START_RX,
START_TX #1 CHANGE_STATE , BR>X#LEH SDN 5§ 1 3=HI5b , I=HIFME LIERE. & 1008 7B TIEER
FixEl RX 8 TX 20 ArEHR EfIEFHER FTRURMRERE. T 9 BAUREEM nSEL N EFHEFHREZECREIX
HIERRSH B PESEIN. FEXERHFRPNSRSELITIMEHAZHRIE , BLREEASEHIESR. B
MY SES FMWEMEHERSHAN RX 8 TX RS, THEFHRSFEIFERES. MEEER , EXENMERE
RX & TX [50] BakEZNEARBEERTE.

Figure 4. State Machine Diagram

®
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Table 10. Operating State Response Time and Current Consumption

Response Time to Current in State
State/Mode % RX /Mode
Shutdown State 15 ms 15 ms 30 nA
Standby State 504 ps 516 ps 40 nA
Sleep State 504 ps 516 ps 740 nA
SPI Active State 288 s 296 s 1.35 mA
Ready State 108 us 120 ys 1.8 mA
TX Tune State 60 ys — 7.8 mA
RX Tune State — 84 us 7.6 mA
TX State — 132 us 75 mA @ +20 dBm
RX State 120 us 75 us 13.7 mA

5 B/~ 7 POR itESFIEB/EER. 0% ( BBith5ds ) BUR TN STEIZERMG4TF Rx 8 Tx ROSRER, £AZ
R AP ERFINSHYEBEEEGEREFNN  ENTRISHHINARRINSENE. RIS T
—MRZSEIE START_RX 8 START_TX API fs SRt TiiFLARR/IME SPI S55FNER MCU 4G,

3.3.1. INEBEAiL (POR)

MBS (POR) BT HRENTEXAHAINVRESEE. NFEMIX—IIFE , VDD HIHE 1ms RRIFHFHRIERL
FFREZED 10ms, WMEBFRT VDD , WERXFERARIARIFE 0.15V TEL 10ms, FHERIESN E 5
=1,

AN
Vo
VRrrH / \ /
VRrRL \\
Time

Figure 5. POR Timing Diagram

SILICON LABS
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Table 11. POR Timing

Variable Description Min Typ Max | Units
tooRH High time for VDD to fully settle POR circuit 10 ms
thoRL Low time for VDD to enable POR 10 ms
VReh Voltage for successful POR 90%*Vdd v
VRaL Starting Voltage for successful POR 0 150 mv

t Slew rate of VDD for successful POR 1 ms
SR

3.3.2. XHIKE
INIRSRIRSEREERTAORS |, EBiRUHEERARA 30 nA, BIiEITIKEN SDN SIHD ( 3IE) 1) EEHNFTIR
T BEXNIREST , EBIASHT SDN 5(ISRANTFERL. EXRIIRET | BFESENBELHETE SPI A, H
FRFRFZAVIASATINER E4L (POR) i 5SWEIF—R#/35]. POR [FEE POWER_UP &< RIMARK LS. SDN
5| TERR R BIEE/ MFISESAL 10us LMEREPEEASEALEIEE. & SDN [RBEES MRS HIXERATE , M/aT
BESEUEL POR FIREALEMED. WRAAEHE POR BEFIBERIEK , NERZIEIN RV
SDN , IAREHERER LA GND L,
3.3.3. &HIkE
FHNIRS R FTIRSINEFEFERMEARE | BX RX 5 TX BRIRAIIENATE, FEAZSEER METURSRE
NEFERSFER. TS THESFSFRE  ZREMFAR. mziEXT SPI 2NN |, (BT SPI S48
& FIFO RIW , 2ERNEEIIRSHESHFESZEMEBE SPIIENAE. & SPI HHEFNSFTEEY “BTK
T APl S EHFMORBEIZFIFVIIRESLULE] 40 nA FIEBTRIEFE. WRAESRT (40 nIRQ pin = 0 ) NFEFEHEF
BN THERN LAA B ZAR T FRISR(RERIRIEAE.
3.3.4. BIRIAS
EIRRSSHIIASER | (B2MREEERTEE 32 kHz FIRTEHRSBER. 32 kHz AURTENRER LU R EBERRRERY
32 kHz RC #5528 , thalLAZERSNGE XTAL B9 32 kHz IR5%88, EiZiE T SPI 2a/#EAR , {8 SPI iEa<EH
NEREIIR SR HEISZEMEBE SPI SEMEL. £ SPI B EENEBRGORSHNER, MR AETHT
(%0 nIRQ pin = 0 ) NFEZFRRVIIEBLUAZIZIER FTHRIKEHE.
3.3.5. SPI EahikES
£ SPI EFIAET SPI FIEshR SRS BER. £ SPI EE 2 BESH aERPIEIREFEAS B EIEIXEIRE.
Z=EHR ‘MRS AP| ip S EIFI S EERE,
3.3.6. BigiikSs
BRSO ESIENE LT TR etz TX 5 RX KWSHATE., EiZzEX TRV FESEARS , B
TR ER NS ohRT BRI T 46HRE] TX 8¢ RX #&zCFrEEAYAY .
3.3.7. TX RS
TX WESAEE “Ba) TX 8 “BERE” APl S MEEIRSHA. REEFREHENERRAIRZEE
IEBINRM AR ERNN RS IEIEFRENTS. SNFIRESEIES TXORSHUTRIINSHMakE.

1. BEWAEL LDO,

2. BURNRSSHRHEFENSE ( HASPEREsESH ) .

®
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J2F8 PLL,
R VCO/PLL,
EFZE PLL REIERAASIRER ( HERERTRIEH ) .
BRI AR HEFENRIEATTH, ( ERESER eSS ) .

7. {EREUEE.
RIBEREGSE TX ZRICREENRES  AFVHHNSERAEE. KNERT XS PLL BIE<%T VCO
I PLL #4170, H{FA START_TX API a5t , ATE X F—IRSLMRIERIETAIFIER.
B 6 27— START_TX @S PR SHITTATRIGIF. —EEFESFEIEREN TX K& CTS fisEs. SEF
R LEHLA ESIHAIEN |, CTS MISERFBIAEATEHINGSHEMR. MNRPUEMA (FRR) 8 nIRQ #
BT GEERRES , USEIERHIZER | 1ZEERHMNSEHLARAERIREZR FRR 8 nIRQ %A ERIRTEIANN
TSRS, WIEAN TX RZEE FRR FHAIEIED 5 s, &l nIRQ H2HEHEN 13 ps, SIRA TX RERE
GPIO 8 GPIO #AFAfERAZITTX (TR FFR ) =6 . MASHIFER,

o 0k w

CTS

|

NSEL

|
sol —=< START_TX 3

= ———]———]-

Current State XCOMPLETE_STATE

I
|
X Tx State
|
|
|
|
|
T
|
|
|

YYY State TXCOMPLETE_STATE

niRQ

GPIOx — TX state

3
S

YYY State >< Tx State X
|
|
T
|
|
|
T
|
|
|

_____.____><__

Figure 6. Start_TX Commands and Timing

3.3.8. RX A&
RX KESAEE “iBa RX” 8¢ “BEERE” APl S METRSHEN. NEEFSEHEa SRSz
. SNFIRESERE RIS , ALFRIINSEHMSBmAE | ESHHEN RXIKE.
[EF%4= LDO FO4&#) LDO,
BHRMNRESRHEFERNSE ( HASPEREsES ) .
B PLL,
RO VCO
FZFE PLL IAZIEKRAVRIUAER ( AREBERTRSIEH ) «
[EEEEISEERES | LNA, SESTSE. & ADC,
7. BREFETRESEUER .
ETL&4BNERE , TEESE2IEEEL = RHEEREENNIT : AGC. AFC (HIERE ) . ERSSHHE
B8, (U, PEAME (FiE) | B1ERELSZE. KRENKR CRC, 5 TX HKSHEE , RX BT —MASHERESTE
“Start RX” APl ep<Hi5iBH, START_RX é5<$HIiHATSHN B 6 FR=AYitEHEE,

o gk 0N =

®
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3.4. BERREEO

FEH MCU 58BN FAEFRIEEDO (APl) HTE(S. APl DFNERD , mdflEY. aSETFEHIS IR
HERE., BEERVEENTH—IRES. IETH AP FHEE |, 15508 www.silabs.com L+ EZRadioPRO
API Documentation.zip 344,

3.5. R

MSTEEMRER Si4438 TTAHHNES, SHEIDTE nIRQ HiH3 BN LOW = 0 BAlEusHIss st E s
&, BE— (331 PSS ( SPEPASAERLN ) RERFTESHakE. ERiEHESERTE Rl ZR
nIRQ 3|HIe—BEFEA. ENEPRES AL TREER nIRQ BIHEESE(.

FETREDA=H, DEMERRF. SRS, BHRERE. TERNELSFRRNE R/ R LS EAYRZ kT,
WIS RTABETE nIRQ E5IRSEH. WRSRAFEMEF AP SRR AP BHEFAESIFRT, —B T
BERYE |, B nIRQ S5IKEFERA , BRFMSREBFHERTRT. FrEHRERAE “GET_INT_STATUS” API @<
FIHTIERRNERR. ERANER FTRrEFE—EiElNMamals. &REURRIAEBYTERRT , NIHIZART
H ( DELNERRR. SRR, E%IRVESE ) aNEid “GET_MODEM_STATUS” . “GET_PH_STATUS” (%4
QbIEFERR ) 1 “GET_CHIP_STATUS” API fpS#HTIEEFNEMR. MRS EFFEEEER . NRFEIIsERIRNAY
RETHIEN,. EFHERSERSFIREAFUSFIIERNGSHIEN. TICERTMSE | RSMASIRHINEE
HLEPATS. RIENE NS FeStErRE AR |, (BIEEEN N S EE AR FIE nIRQ SIS,

3.6. GPIO

N AHFENN—ARAIRAY 10 SIAHtEER. GPIO Eidithit 13h F1EY GPIO_PIN_CFG s TEE. W%k IiF
GPIO &IN5 |, 15205 APl 1883, GPIO S| 0 1 1 NAF SRR ENERES. S5IH 0 #0 1 48
Et . GPIO 5§ 2 71 3 W& RN ELHEEESNEURM. GPIO RIREEEE @S GPIO_PIN_CFG <
#J GEN_CONFIG £#u#{7/E%E, FEEIAER NRsaEIRENER/IME. GPIO RIEKNABCEF SDN TRIKRESET
[ % 12 PEER. XA 10 BORSEETE & 12 PEER. 1281 % 6 FikfA , SHfth GPIO 18t , GPIO 0
BEERAREEEE.

Table 12. GPIOs

Pin SDN State POR Default
GPIOO 0 POR
GPIO1 0 CTS
GPIO2 0 POR
GPIO3 0 POR

nIRQ resistive VDD pull-up nIRQ
SDO resistive VDD pull-up SDO

SDI High Z SDI
SCLK High Z SCLK
NSEL High Z NSEL

18 fEiTHE 1.0 )
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4. EEIFGEHED B LN

Si4438 HE=FMABAFIERFTRETFARENEE S | LMFERSERTHISENNESHBERIERR S, EFHFD
BLEIT/EY MODEM_MOD_TYPE #{Ti88. #5528 www.silabs.com i EZRadioPRO API
Documentation.zip {4,

4.1. iEAHISEE

Si4438 ZIF AP ARBIAHIEI. SEUEHEE (GFSK). SEH#E (FSK). FFX#E (OOK). tBAIfEMA GFSK iR
ERERIIEHEE (MSK), GFSK JUiEfz(ERAETIE , BEAIREREMEHISESFIDERENE. BT
“MODEM_MOD_TYPE” API Bt AY “MOD_TYPE[2:0]” EfFaniREAHIZEE, WAIERELR (CW) iRl
IXZ RF FHMEERY. BAEEESIRAAREIIR , LAXEEFEBR.

4.2. TE{4ECEEIR
EREEKERSSETRLARMIEE , HE RX/TX SUBAIHEEYN, MCU BB E RF 18&0NE FiE.
4.2.1. FEYIREARSIRTR
IREPERT S MEEE , LUARENA. AR EEaRMHIitaE. WDS AREITEBSIRIEEGNINE
R ERERORR RS,
4.2.1.1. FEEmiEe
T RARSII SRR EMITEEET 101010 RISEHBREBURRIRE., (UATHMRERIRSTE “10” 8¢ “01” tKiF
RN ESL BRI NEIERETHE. FERARSXAHIEEIRT 2 B9 2 %% FSK 5; GFSK E#iRHtR
EERE,
4.2.1.2. REMRIER
SRS ATF OOK M%IF] FSK/IGFSK , REBREIAT— P a2 NE&H:

n EHHSE 2

n JEFRERISAS (3 1010101.. 48 )
LIAHISEGRIT 2 i, REMASRKELSHEESRAEEFNREBE. ABRRIERK N AR TES R HFD
HIERHMS S LB S ENRIED, TEEFEH MCU FHITHIRIERT. MERRSF—REFEREERER , &
LA SERRITPIRSHELEERES LT, SHETIHNESUEELM Sid432/31 BREEARR , £F
M, MCU FREISUERITIRIER . FToREBEUEMN Sid438 8% , BaiatETIER S AU R R Sa
Hl MCU ; EIttFEH MCU THITRETHMAATHIRE., ERSHRARERPES MENZEIED , 2ETFHA WDS i+8
SRRNIETIEIFICNEE. BERERNNIRRIRE i S RIB TR SR BRRIRE .,
4.2.2. 55 MCU 9 RX/TX £iBiEN
EFRMAENESIEN RF BREHZEN MCU ISR, FIFO #&xX(HEA SPI ZOEHEIE , mEEEEy
GPIO SCRHMERETRE.

®
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4.2.2.1. FIFO &=t

£ FIFO #=(rh , (EafNiBiOEiRETFEESRN FIFO 772877588+, Sad 66h HEHREEERETHEE
it TXFIFO BIEWE/ATER , LAGA TXFIFO, Bin< 77h FEEBEIRENEEMN RXFIFO SiEBRISUER#E
HBZL , LAjIE) RXFIFO, RX RSt EI SDO 5| L,

£ TX FIFO 27 , t1F1E FIFO FESFRISUEFT D MEMFERANFTHER—REHN “1187 LIEREZER
HIEEEE, XEEHMBENFEREERSE. B2F. f1 CRC R, & TX #X+ , aEdGRxEREM
NFEBRUSEEHEIEEREN ; flul , aTEdERRSHTRLSFFERIVEENMIEREESN FIFO FiEss. WIFE
THREZSENBHESUEE A/ FIFO BCEER |, B8R "6. HUBGEISANERF" W31, ARXERT , &
MBS ELNIERR , FRFEFMENEEKEIETHERZE RX FIFO Fiiss. pELMERFSERIRSE , &
EEENRELFONRAEBTEAIFA. Br CRC &I (Tl ) IR KEFTTIN  ERSFRENRE
FHESFESR RX FIFO 77588+, H7E RX =\ #EMA FIFO Y , aN@TI1AZ4RTE GPIO 5|19 RXDATA #itH
S|EMPET B (30 ) MEBRABEINEINEER | XENBAFAFSIEEER. & FIFO BT , 2 PACKET_SENT
8, PACKET_RX FRiRERISR<SBxEH TX 8 RX K&, BRSEZEIE “START TX” S#E “START
RX” APl #5<. TXCOMPLETE_STATE[3:0] & RXVALID_STATE[3:0] 4RIZAVIRE. N , £ TX $UEEf5 |, &
TA&%E “START TX" 5<F115 30h Bif TXCOMPLETE_STATE[3:0] &% , S A alabFaigiaz, HHRaEH
FIFO RIRTEMNA . 7B PACKET_SENT Fliek4d, HXHNBERAER , ©HEK
TXCOMPLETE_STATE[3:0] = 30h Bl EEIRIFEIRE.

4.2.2.2. FIFO EHEi&E30 ( FToBRIENL )

FE—ER AT, BUEERET S ENSELIERER LaiSTIES = NEIRIKAIEIRES (XF 40kB).
EXLERT | SIREKERM  RESBRASFENFHXRAEN FIFO, Hfttf= , IIEUER. CRC. E]
HFIDEEMEL TESUF | (BA3EF CRC iTE | RASIEEKIRTIREERI. RX BUEFINHE GPIO
S|t 2T E. £ MCU EE@EiT A START RX RS REIEE I ES D EIERER.

4.2.2.3. BiEEN

XHFEEH MCU WEEMER R AHITEIREMNENER RS , MEAFERA FIFO, XWFXfER , iRt =25k
I FIFO RUEIEER. & TX BEEXT . TX BHIEIERA BT RIS [BFH#HT “SShY” A2 (BD , 277
ESFEPHEAX ) . 9 GPIO BJ#ECER TX ZUEMAIIEERFER. ME , WIRFE GFSKFH] , U TX Ad#hda
HINEERE—NEMNUS B ( FSK RFE TX ZUEHASIH ) . AXEEREEL | GPIO 47t “GPIO_PIN_CFG”
AP| 5p<F1 “MODEM_MOD_TYPE” API EtErif{TECE. X4F GFSK, “TX _DIRECT_MODE_TYPE” WJRiRE&EZ!
B, XWF 2FSK = OOK , HKEmNEEANRILHELL. WFFRBNERFIENEE , MOD_SOURCE[1:0] RiZEN
01h, 7£ RX BE#EET , RX #dEF0 RX BSH I #dmiElASCINE % ( ST ) #HE GPIO 5|, AEHaEHIESaI AT
MEF FIFO 8% RFIC S4B EFEFFINEERYIER TR RX #fE.
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4.3. GISKE

4.3.1. BIFESRERNES

BHRBISANE 20 MEHBLUCNEIS., ZRES IH 7T —MeWEESNFAE  IE— " FHRENRIFISHE.
MERFA AFC , NN FTHRKENBISEB TSNS SEATME RN AFC, REFRD TRKESCNE]
SErFANERTE , FRLAES X EIERRAL ZREER., ZI5RSaISiEaliEl (¥R "8.6. BISIRUER" 1T
35) . &#HY WMBuUs N R RIENBSAERF R —EER |, IERESRIAEABSREM. Bal{ERERRISACN
BUERAFRA M. FE DSA FEHAYE RSSI #Bi0NEE. JETRHEIGNAT , RSSI #£BiGNESEEERISHEN
ERTEHEE. T RESNAERESIIA NS HTRENFMER | 1527 APl X4,

4.3.2. (ERBISIEN

ERERIEIRERIRED (Fia0 , REFMETE ) 281 , BIREBMEISHRCANZR I IRE S HEY
B{EMeE. HIRNEIR/INSEANELS 101010... iEUAT , FISIRKASMABY ; srSNEKRRER
PREAMBLE_CONFIG_STD_1 iy RX_THRESH[6:0] FEHE. NSENESEBIRTREANBHIE—RKIE
RRUEERISNAY AT BetE FAREVERE., MRENBERIAR  SHEEZENEIRERREER ARG
FeRESifNAFEREIESNRIRESS | SEETSCRNEMEUESNENL. MRENBERNAS | &5
MR SBASEREERMBIEIN , SHEKNSIESKENEENEEER. 20 MARISICNREERTE
KEHRNA., EENRSFERAKEVRZEDSERIIRIS/AANSERS | N EEVMICELEREAITEF  AFC
EENEE. EFNSMHREEXTRISINRENRSKESE *® 13 $5H. RENTFiRERSE (4l
a0, 101010... 83 ) 9K , A F1E RX_THRESH[6:0] FERHEEFIS/ANRE. ©HEAFES MBI NG
RISAER AN | @13 PREAMBLE_CONFIG_NSTD #1 PREAMBLE_PATTERN B {TECE.
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Table 13. Recommended Preamble Length

Mode AFC A_ntem_1a Preamble Type Recommended Recommgnded Preamble
Diversity Preamble Length Detection Threshold

(G)FSK Disabled Disabled Standard 4 Bytes 20 bits
(G)FSK Enabled Disabled Standard 5 Bytes 20 bits
(G)FSK Disabled Disabled Non-standard 2 Bytes 0 bits
(G)FSK Enabled Non-standard Not Supported
(G)FSK Disabled Enabled Standard 7 Bytes 24 bits
(G)FSK Enabled Enabled Standard 8 Bytes 24 bits

OOK Disabled Disabled Standard 4 Bytes 20 bits

OOK Disabled Disabled Non-standard 2 Bytes 0 bits

OOK Enabled Not Supported

The recommended preamble length and preamble detection thresholds listed above are to achieve 0% PER. They may
be shortened when occasional packet errors are tolerable.
All recommended preamble lengths and detection thresholds include AGC and BCR settling times.

“Standard” preamble type should be set for an alternating data sequence at the max data rate (...10101010...)
“Non-standard” preamble type can be set for any preamble type including ...10101010...

When preamble detection threshold = 0, sync word needs to be 3 Bytes to avoid false syncs. When only a 2 Byte sync
word is available the sync word detection can be extended by including the last preamble Byte into the RX sync word

setting.

22
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5. PIERINAEIR
LATEBA R T TP EBRATIS RIOAIA,
51. RX §&

NEMEIRAEIRES (LNA) BIE— P ESTH LNA | I S=MIMBBEEUTHES | IBSEX TR IS ETERT
SR, LNA BEAIRRAIEALUDHILITMERIZEFAZIRERSE | Eit | THIIMBEmaEnnRR, LNABS
gamidl  BYRERENEmEES (AGC) EEHITEH. LNA FEM 1-Q BiEs. ISKER. JREEmIARS
(PGA)F1 ADC. |-Q BSRESAIIEESHRMEAFIA. PGA IEAIEEFELNTF ADC IEIASEER. ADC IE4E5TH
SMYERTHIFH TS E SRR , BHTIER. FEFAIE. IBEMNERE LNA 1 PGA MR TEMLAE
AGC =B fER.

5.2. RX FHIRRERS
(FREMEE ADC FISLHIEFANEEDIE. BEINHFFEE SIS EN BPRMMIRENREE. 858
FfR RS EBLATINEE

n BEEEIESRES
TX &%l
RX &3
Bznigasizsl (AGC)
BISAE
FToRISAS
TR EREE ey (RSSI)
BaliEELME (AFC)

m EIRTTRIRE (CRC)
HFBER R R CH TR SNSRI SIS EN B E. SHFERISEEIE GFSK, FSK, GMSK
1 OOK, BiEiEREsnI#AcE NS s 850 EUEE 1.1 kHz BISAEE. SZHEFM 100 bps ZEIEZE 500 kbps HIZFhEURE
WR, JTRENFISKNETSELSRARE—FBERAUIREESRSZRNNTEYE. JRERRSENBNTFISE
W, XESMYEFERKERERIRISAI Mbus MR ERERRI—MEESINTR. BEESREERES (RSSI)
BIEIE @S RS SRR, RSSI 9 HERA 0.5 dB, ZEH PR RSS| ol LHASHHEEINRIGNILLUL
FHEETH (CCA) . EIREN (CS) . FIEECRIfAEIAENT (LBT ) Ii8E. SI84E Silicon Labs By
EZMAC BIFERHIERNGETREDBLGIBEEFHIT 7 ER , LUITESTHMNXTEREIRMR MBS NG,
HUERBIRLTZHEMTIM TSRS , RIS B, #H, IAuRBERE. BEITIMY
BIATLIBEEE A THRERIINSIEESEERESREEN. BAIRRKRE (CRC) BFRNS MUEEN
BEGMERM. EB8/MERRISUESRIEY] CRC #HATIHERMEMN , HHEBRKESATIEIREE., PEERER
1 CRC wIk KR/ REARiEHIEs LRG|, (FRIEHESEAERMMAAER. HFEHBEEEE TX B
82 W TX BUBRERIREENAIMFRATERT , HENEMA—RIEAA=ARoEFIEE. ZEFARASRKR
IR RRABRO IR, ERBIEKEESIF GFSK |, At/ T HEBEENEE.
5.2.1. B&NgiEE (AGC)
(LI RIA N AT A R A0S EIER LIl AGC MBS, AGC TIEEMIEMDTF 2us AL,
LNA #1 PGA a0 EEMISS T sCTl LNA 12570 PGA 1E3M0REERE , LUAZIRML IM3, SR HERsURE
PEBE.
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5.2.2. EIEISREARIE ( AFC)

E R FREHRIE S [RRISIR KIS A BT B RRIIR PRI B aiRizs]  (AFCHEHITHME. BFIPSEERISRAST
FAMZE - EHIRERSREAME | B EEE PLL SAERRY AFC, AFC ZART , FEHIRERSAMERIXIEIX IF wEahd
+0. 25(FRMRREBHITRIE. 2 AFC BRI , BIEIRESSEPE IF BRSBTS  BIRECENSEA IF
s +0.35 SIUARREIREREIFEIMERME. 2 AFC SN, RISBRKEZSEBKLME AFC 138, W £
22 TWHYR 13 TR , —RBES— I FIRIRISIBA AIfE AFC BRE.

5.2.3. IS SEEIE RS

BRWESEEIEREE (RSSl) EXEKEEFIEEETESEENMGE. RSS! NEAGERKRZEH  FEit
RSSI {XEXEEAIEIFEANFRESNERNE. ERMARIEE RSSI HENS AN MRS AREE
IRERY RSSI {8, EE RSSI RN EEER BN MURIINZFRS (FRR ) Hbhz— , LUREIHEF RSSI 21
B, B EUEEIHIF RSSI HEHTIRANE |, BHA RX HXXEEAIEERIRIENRS RSSI HUEHITHIF.
FoRE s CTS BIFJZE 16 A SPI AStHEHAPIEENRIEINRZT 7788, tBAT@IT GET_MODEM_STATUS #&<iEiR
RSSI #E. fEiz@m<SF , HE1  RSSI  MgFERN  RSSI #A3AEL. 3@ RSSI  HERERNELNE
GET_MODEM_STATUS S<HEYEESRE , AEBMUEEIHIENESIR. SAREINETFEEFIEE RSSI £
{E#ELL , £ GET_MODEM_STATUS #p<$>HiEEY RSSI $EERE ST A, ERITHIIRGSZ/E  CTS FE 33 us
RRRE , REEENNHANFTR SPI ATEEHREE S BTRYESITER RSSI #E.

RSSI EeEEII7E MODEM_RSSI_CONTROL API B TIRE. ETUUTEEXIHEN RSSI #EHTHIEFMN
FE : R RX B2 EaiSteN. RSN, s EMNENMIRTEHTIE (&2 4 MURTE ) . OMI
RN EXE BB B RS EEISRESA IRERFIREE A ER. £ MODEM_RSSI_CONTROL
F, X RSSI LIS MIBERRHTER , SN MIEABHTEOMERH. MR RSS| FYNERSHE | 38
ATEREN RX B USLHISi A2 G | 8700 RSSI ESIERERD 7 . HiFH A RX BB 8IFHY RSSI B
MatER A EREEISIE S S EZEFTER S5 oEEiER RSSI Y. WREEDN RX BF RSSI HYES
LWBRMIRERIE | BBAEIERETEESREIEA 0.

API EENHI RSSI HESEID TEIIZ S T2 4L dBm,

RSSI value

RF_Input_Level dBm = ( 5 )—MODEM_RSSI_COMP—?O

MODEM_RSSI_COMP [EMeIASLPR RF BWAGLE ( 479 dBm ) FIIREIRT RSSI #EZ [BIRIKEREATEEE,
B0, ZEMREEERIFERF LA RSSI X RF MINIIERMLZ, XIESERAMESTIZIT (a0, BTFESB SAW
FsETEes. 8¢ RF FFX ) [@MRTEHENIREES., MODEM_RSSI_COMP = 0x40 = 64d HUE(EIERF A ENT
F.
We]{FERAZREETE ( CCA ) 8 RSSI FEHEN, RSSI H{ERIE MODEM_RSSI_THRESH API EtEei# g
B, MNERME] RSS| HETREZ L, BBATEE, GPIO HMLBEHEN. ZBENHEIRAT S ERAT T2
GPIO t3£18, EF RSSI WERENSAEIA. B&0 "5.3.1.2. Bzl RX BSTFIBMAR" T 26, tLal{EATHE
Bt ( CCA) 8¢ RSSI B{EHZN. RSS! E{ERIE MODEM_RSSI_THRESH API BHH#{TIRE. W3R RSSI £
BEEEREZ L, BBAFREGPIO iaBEIE.

ZBRENMERAFISEIRATE T GPIO E3X18. EF RSSI BIEEIRENSTATA. H2R “5.3.1.2. B&) RX
BESTFOBESTNER .

®

24 {ZiThR 1.0
SILICON LABS



Si4438-C

5.2.4. RSSI $518157Ra (HHSEEN )

SR AENENE—73 M6 RSSI 946 (B0 , [ESIEEEESEES ). ERalNMmMRIESRINEA | 51

LHEBE T HEBEERMEN. XTBTRUTXTFMES (FEIEEFHN ) EEELMNAREIRERIURE
“REE” . AIRYTRETRGEL GPIO S TECEIABAEN MCU KETHBEMH, miEd

MODEM_RSSI_JUMP_THRESH API BI4XJ5 | KBSy RSSI KL H TRz,

—HBi@NE| RSSI KERR , IS ATHRERER RX KRS , XA BsiFHAEIECNERIREL. el

XS R TECESR AT, 1ZIDRERATIGN RSSI KFRISSATILAZ RSSI KFRIFIEMTM., XEBI

FERIRIZAYRTRIRNIEL RSSI ZKFERIZMRSEIAY. A BT IXFS VA0 RSSI KFRALAIRIE,

TRHEASHES (Hlan , NBRRIRSEIRKERESHITE ) NEIAMRARESHEN RSSI st FHAXANREA ,

EIIERIEE S RZINEE (BN , FERIMSS/E . 91 PREAMBLE _VALID ) , 1525 AP X4 7 fRBCEIEIN,

5.3. &S

SREFRS =H8 ( 2A ) Fractional-N PLL & FXS8EI7E 425-525 MHz SBEINTIE. (M =A ARG RESME ; SD &
PESEIEEREIR AR, RE. FEE. MEEEENERANRIEE. REFEE/ NI BEN BT
HFIHAAE | LIEEBIVEREFINTASHRENIEF, 425-525 MHz STERNABARSHERE 14.3 Hz , 1EE(E
MRS HERES. PLL BIRRESEIMEREZ 30 MHz , (B2WaTLAEREAEIM 25 E 32 MHz A9 XTAL 3R,
WDS WA IREss i Bt S eS BaNRBAIEEFEA XTAL $iER, PLL FRNETEEMATHERSENESD LC
VCO, VCO MtinRIEE 0 mERIDIMES , IS ES D IMMEEI 2R HIMERIRER .

5.3.1. S RERSASEREES]

B K& RS R/ NEOR B SRR, WDS T ERLSEREMHIXNRE | (BASEEN AN
BERETEEATRE, RS API 5 FREQ_CONTROL_INTE, FREQ_CONTROL_FRAC2,
FREQ_CONTROL_FRAC1. #1FREQ_CONTROL_FRACO,

fc_frac) % 2 x freq_xo

RF_channel = (fc_inte+ T 8 (Hz)
2

38 EEARPE fo_frac/2'® BEMAR 1 7 2 ZIEH— M,

5.3.1.1. EZ SRR

EERSMESRZEERNNAY , BRARESEIERNNENEHIUN APl HiF28H. B4 EZ FRE 1%
BANEFSEEA (BERS ) RTTIME., BABIIRESMEsIBEFI/NERD RERIREEMNER, 1ZEtR
ENROEE 0, T , BESKHHIEE FREQ_CONTROL_CHANNEL_STEP_SIZE_ 170
FREQ_CONTROL_CHANNEL_STEP_SIZE_0 API| 577881, F4AURREN -

RF Frequency = Base Frerquency + Channel x Stepsize

START_RX 8 START_TX "M EXEREE , AN EZ FIRFEREEERS. 2  NREEL KRS
1 MHz , INTE #] FRAC AP S1F=8RYEMBTRIFIRE /Y 490 MHz , F{£ START_TX a5 39w S/ 5 RUEEHTT
THRIE | FPERISIER 495 MHz, WMRBIEBZEXRIFAN START_RXTX @o—80EAN |, BBrEBEEXES
AR ZRIRIE(E. BERIREN 0 ; Bt , MRLRBENBEE | BFASENCHIZFRIERMITER,
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5.3.1.2. EI5h RX BESAFnpksnzE
W& ESSTIFERNBKTINGE , AIEId APl H{TREBE. %3888 RX BEBAMIRLT , IREVAEEEEHTHSIHS
KEIRE. —BIRSBHA RXCRE | IREHM SIS BVIE R T E B ahfEBRRm Bk,
BURERTESH 64 £5KEB , HEEHNER. BIMREHME—BERS ; Bt | BUIRTAHN 64 NEE. B
RX HOP TABLE_SIZE AP| RigBERNNZBHE.
IEENBERENEN EZ MEREEDAE—. BRESNEREESFHRERMDRERTEREE RERaIR i
THR. —BERNABMTRAIESS | BUEMSIFEEIEREE. BBAER oxFF £ERBMBNITZEE. RESHE
SMZET—NE OxFF &8.
BEEANEH T ARANNE R EEREYBILEEREERE —FEEE. XERERE

m RSSI #{E

n BISHEER ( THEISHER )

n FASFEN (FISBEERELSFHARENRELF )
XLOHRT A BN (ER , S EtANEISECE RX_HOP_CONTROL APl —fiBEAIXWE M. BE , BB THE
NE—NEERREETHITHSA.
U530 RSSI EEAHBIM RSS| $1H. ZESBERIVE , MRSTHE , BBAZESEREEE L. 1R RSSI
SR THIE , 3P4 RSSI YR, TBERENPBIE , A&X) RSS| HEHITHIETE. BTRISEE
R ELSFENINEEREAUESE , RLNRAPGTRERSIESAIEIIREN “BiE” & “FRiR” &KX, U
RSSI BHEEME—R]{FREM.
EE RSS| BEAREXH RSSI 8 ; HR , ZREREEXNE , Mz THRIEARER EABRIRERE.
{FRLEEEEAREE LM RX 2 RX ROEREREN 115 us, HUHEICFEAERIA B ABRSEHNE ERIARE.
Fr) RX BBAE B RRERERE , (BRFEES TN MCU REFFHIIETE,
TEEEABEMHBIN TSR

1. IFBERMAE (inte + frac) FIEES K,
MEDMIE FRSEEE (RX_HOP_TABLE_SIZE),
BEES AT (RX_HOP_TABLE_ENTRY_n) .,
XS B H TR EF S AEMBMA- RSSI. BISAS. #RZL (RX_HOP_CONTROL ) ,
BRERERISIBIIELS S,
{#F “MODEM_RSSI_THRESH” fEi@#fRiEss4Rie RSSI FHERLE.
{$5F8 “PREAMBLE_CONFIG_STD_1” 2 BRISH(E.
{#F “PREAMBLE_CONFIG_STD 2” #RiZnISHLEEM.

9. CHEKRERLSENESE,

10. ANRFE |, (FAH “GPIO_PIN_CFG” I GPIO #17EE , LAYIHRBkSTFNBk SRR,

1. 5 “START_RX” APl , BERSIKENPIERNE—IENEE (B, F—NMEOxFF KB ) .

12. BBEROIZIEC T BIBER.
5.3.1.3. Fxl RX Bk3A
RX_HOP #<a 8 RX Z RX EBMUMEHRRNGE . BEFEFZEN MCU NRHRFHENEE. FH
RX_HOP #<hT , [E4ERTIELAN 75 ps. 5 Start_RX 8¢ RX BETAELL , FRIZ5ERTHRIER | EAEKREERIERT
EUE T — WL T EN , AT, VCO _CNTO RitE/fFiE, S NEZERAEEMNSINER |, 5
BREZFZHRPL.

i

© N ok N

®
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5.4. ZiEsE (TX)

Si4438 B E—NEEREAY +20 dBm RIXEEEITNERAASE , BIRIX —20 B +20 dBm BTN, ERATNEE 6 dB FIAYH
HINESIRETF 0.25 dB , (EEHARTAHINER , MHIhRSESTAFIEEMIELN, Si4438 PA TIRHES
EHEEAREETEE. PA ISR BN LAR FRIREHEICEANSSINE BOM R, SJEzNsCHl B
EHFRA FRERLURADABEASIE S EL.

N E EH PA EEIRFIAEHERT , S E TXRAMP 3 |HISHEGAZA , DITEER. TR Y PA ZEIR
FHNER PA. BISMEB PA EENFHEENBRT , TXRAMP 2EEFHNEE. 8B API B PA_MODE[7] = 1 LA
550 TXRAMP, BEETERIEBSE _EAY PA EFHE RS , TXRAMP tB2RRIFFIA EFHFIRERE.

FBEEEEIY PA_RAMP_EX API BHEHAY TC[3:0] #tiT4wiZ , HEBIU TSR ¢

Table 14. Ramp Times as a Function of TC[3:0] Value

TC Ramp Time (ps)
0 1.25
1 1.33
2 1.43
3 1.54
4 1.67
5 1.82
6 2.00
7 2.22
8 2.50
9 2.86
10 3.33
11 4.00
12 5.00
13 6.67
14 10.00
15 20.00

SEA Vhi 7 Vio BY |, FrigfiEin TEEFRL: | BEFEA. TXRAMP 5|HIBIELHRE FRERIBR T L
2 1 mA, TXRAMP SIBIRTUBEREIEZET— 10 kQ B THIFERE,

Hvdd>3.3VHE, Vhi=3V, ¥ Vdd<3.3VHA, Vhi&ERk Vdd , FEFHENEHESRL .
LLEHRARTER] TXRAMP S|fAd, Vio=0V, MRFEE 10uA BIEBRTERESH , W Vo /3 10uA x
10k = 100 mV,

®
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Number Command Summary
0x2200 PA_MODE Sets PA type.
0x2201 PA_ PWR_LVL Adjust TX power in fine steps.

0x2202 | PA_BIAS_CLKDUTY |Adiust TX powerin coarse steps and
- - optimizes for different match configurations.

0x2203 PA_TC Changes the ramp up/down time of the PA.

5.4.1. Si4438 : +20 dBm PA

+20 dBm EEfER E ROTERE. £k 7-9 PARHTHEHINRIIE. BEMBEAVHEENEE, HHIREY
PA_PWR_LVL API 73 128 NEIEHTHER. W7 7 EEhRERATILALE. BOM MIMEERIFARER. , IBSR PA [T
FC L ARSEAA.

Frequency Offset from 913MHz
120 ! : ! ! : ]

100 -

Frequency Offset [ppm]

P ISR SO O B

i i ‘ ; ; ;
0 20 40 60 80 100 120
Code

Figure 7. +20 dBm TX Power vs. PA_PWR_LVL

TX Power vs. VDD

N
N

0

/

——

1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6
Supply Voltage (VDD)

N
o

=
o]

-
S
&

TX Power (dBm)
=
()]

[uny
N

=
o

Figure 8. +20 dBm TX Power vs. VDD
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TX Power vs Temp

205 | ‘

20

19.5

TX Power (dBm)

40 -30 -20 -10 O 10 20 30 40 50 60 70 80
Temperature (C)

Figure 9. +20 dBm TX Power vs. Temp

5.5. RibiEH=R

Si4438 BE—MEBREEIRIEET 250 ys RN, ZIRITHHTH AETHEKRNBAREEBEE
SESH L, LAEINBEHNHE RV EIRE. ARABERT , BARE—FENTHINDBH. BIAGRKS
30 MHz , {E2EBEEAIYHEE 25 F| 32 MHz SEEIRAY XTAL BT, WNSREEMAIE 30 MHz ROSMR , MJmxd
POWER_UP API Saiep S TIER, a3 WDS it ERRASIERFRIARMERISRER, aIX&G&RREE
BHTHFREUSRES SR SNRAIRERIARZ[A0ER,. BT GLOBAL_XO_TUNE AP| &3y
BAREBEHTRE. SAERA 1 pF FEATE 127 LiE (70 fFASIE ) A TRZE. RESTEREZERLR
THMzRAFIE E, BERAIRRERIEE B 10 pEIRA.

Frequency Offset from 913MHz

120K EEPIRPR SEPSPR ISR o TSP "
1005 ............. ............. ............. ............. .....
T 80F N ............. ............. O ............. ............. _
o . : : : . :
& : : : : :
46 80F- ............. ............. ............. _
& é é é
g 40k ........... ............. .............. _
(%] . R : - : :
5 : : : : : :
3 20_ ............ ............. ............ ............. . ............. .............. _
o : : : : : .
e 1 s S
20k ............. ............. .............. ........... ............. _
i i E . i :
0 20 40 60 80 100 120
Code

Figure 10. Capacitor Bank Frequency Offset Characteristics
EAT R _ ERSREAE RSB ESIA oT LABG B SR AR BRI,
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BRABZHER TCXO fIINBMSSREBESN XTAL , HERMIZEREE) XIN 3L, EVERKEINESS/E
39 600 mV E| 1.4 V [EIEEBEHES , HRRESE XIN 3|B_E, N8 TCXO IEEEIEmNEIT 1.4 V , RIRI{E
FAERESIERS XIN 3|i#), XIN _EaiFtsiEZsniilgEa 1.8V,

RE XIN 5| _EERSMBRIRENAT , XO BBREFEIHIMIREN 0, B , REFEAIMPIRENIRT , POWER_UP #3<$H
MiZ5 TCXO EIn—ie# 2.

®
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6. FURLIEHSELIEIER

6.1. RX#1 TX FIFO

DHPERTED 64 FHH FIFO , —MNATF RX, —MNETF TX, X B 11 hERE. BEANGHSSFES 66h
BY . RSN TX FIFO , MiN\a<E778s 77h EBNAT , M RX FIFO FiZBEHE. = FIFO JIFE=hY , TX FIFO
SEIERE | ZBEEL “TX_FIFO_EMPTY” BMH#HITIRE. X TX FIFO HRIEIBAZIAF=HERN , SkE
FETEY, NRIKBEZEHIESA FIFO , £ PACKET_SENT #ifRERTSHESBMEE TX K&, RX FIFO 5—
NEYRIERER(E , BIZIRE “RX_FIFO_FULL” BHEf{THE. ZJWER RX FUESFHILFHSER el
nIRQ 2 |IXt ez S84 rhll, faisHISEAEEEM RX FIFO EEEUE, RX IFF S EIE0BB A BT WA
#9 RX FIFO /M= HHSRENEE, @d “FIFO_RESET” <aERaEES TX 1 RX FIFO,

TXFIFO RX FIFO

_ RXFIFO Almost
Full Threshold

TX FIFO Almost
Empty Threshold ~

Figure 11. TX and RX FIFOs

®
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6.2. HENIBIER

LM FIFO Y, BEhDBAERTLAR TX . RX RRASMFMENHTEH. MESBEN—RFR , RIS,

BLF. k. FERERKEM CRC, AL TEMEEMIZIEIREI T, FESRSMENFREDRE
M3, R LIREERISFRS. £ TX S X EFREMNFMIZEEER T EHT , FE RX U FXIHEBH
7B |, XETAPRESRR/ M AUEEIRER]  Si4438  ZEAEHIASR. AT APRE A M= RE TR RYHELh

R, HIRGN—REHWE B 12 PEiRE. REDELEEFT BRI EESEFER.

1] = = = = =
j 4 g g g g 8
= 5 = = = = .
Preamble o To = = = = =
c icg ic i ic ic i
> © O [¢) ($] Q (3]
n I © x© x © x
I (&) o (&) (&) o
1-255 Bytes } 1-4 Bytes } Config } } Config } Config
0,2,0r4 0,2,0r4 0,2o0r4 0,2,0r4 0,2,0r4
Bytes Bytes Bytes Bytes Bytes
Figure 12. Packet Handler Structure
XLFEEE B S R dmientH B ARG IR S —FmEzl. HBLIERERI—RINEEEE -

RX &z FRYRISABREICN/AEIE ( PREAMBLE_VALID (55

=
|
» RXRHTHIELFEN (SYNC_OK 55 )

» RXEHTFHBEREIREIEN ( PKT_VALID (55 )
m RX &IV A CRC $5iRt& (CRC_ERR E5)
]

|

|

|

|
|
]

RX &=\ FRYEER BB SAIEMSERD (NREER )

RX &z RIPLECARSLAG T
RX Rz MEEUEF R FER] FIFO f2fifss
TX &0 IR SIS RAaE
TX & FRIRS
TX RV M FIFO T2l ss g EE=ER
TX #&z{THY CRC R (WNREER ) 192
» TX &R T ROBEREWAN/ESAEMERD (WNREESR )

MR T RN E S AL EEFAEER B2 “AN626 : FiT Si4438 RFIC (9 ELMEIZRR(E”

32 {ZiThR 1.0

®

SILICON LABS



Si4438-C

7. RX AFIfFEEEE

BEER WDS IREITRRILURES ST Sid438 HTEE , LIESTEIEEERR. RE. MEEF  Fa%
BRI MCU (£ RRRIFISR SIS

8. LHBhiR

8.1. IREETEAY=ZHN 32 kHz AIHHE
SREE— M ERIIGREEERTES , o FASREHIMEIRE PIREES . IREERERTESMAIED 32 kHz RC #R%ESEIMER
32 kHz XTAL #7517,
EEIRE A X IRERE R B TACE, TERNEIRIENZAT, ;IR GLOBAL_WUT_CONFIG &ty
WUT_EN =1, GEEERTEESILZIR GLOBAL_WUT_R #1 GLOBAL_WUT_M EitehE X HIR BRI TITEL. R
ZHRI7E INT_CTL_CHIP_ENABLE BMHEER X BHIERT , 27 nIRQ 5|f1_EF=4lr, HuzHEEs
BT GET_INT_STATUS SR RN 5 ZeSiEEBUE F PR S SRIA R, 1T EIREEERINARAT ¢
4% 2WUT_R

WUT = WUT_M X W
RC IRZeMERSMEREMRW | At | FEEHHTERE. £ POWER_UP @dH RC IRFHR[SBEIREFM
ENIRSBY. AEFABREIIRE , ZI7E GLOBAL_WUT_CONFIG BH+igE CAL_EN , FHIBITHER API Bt
fRY WUT_CAL_PERIOD[2:0] 8 ENRIERRE. ERERRE , 32 kHz RC #R%85MZFES5 30 MHz XTAL #1T
EEBAATSAERIAEEE, RERESEN 30 MHz XTAL , IEIIFI9BIRER ; Bt , BIKH CAL_PERIOD 25X
RATYEERIE#RE. 32 kHz XTAL #5HER XTAL SEFINEREIRAR. XTAL HBREEN XTAL YIIRRE +
XTAL &4t + XTAL BEER + WEMRZESHBIRAIKAIE. HIEPEBEES EANRE—RIET 10 ppm. BEF API X4
TR WUT 18Xms B MFAER.

8.2. (REZLLIRIL ( BE) RX IREE )

FEELZEE (LDC ) 2N T BaeEEIEE  UENESEFEEERES  siEsiAXBAEEIREE. XL
T {(FFIMRBEERTES (WUT ) B9 Sid438 BYRERRECIIRIE. XHiKE WUT AYZUEIE GLOBAL_WUT_CONFIG [EtE
IZE RX 1 TX LDC #4E, LDC IEEEEHARLUTATURE :

[ms]

45 9WUTR

32.768

LDC = WUT_LDC x [ms]

1B GLOBAL_WUT_LDC EMiRE WUT_LDC £#4, WUT FEHEINIRENS LDC 1R FFLEEAT BB —3 ; NFE TR
18X API Bt |, 152 WIREEERTES (WUT ) Z8%.

®
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I WUT Period I WUT Period I
i LDC | i LDC i i
i RX_STATE | WUTState | RX_STATE | WUTState |
| WUT Period | WUT Period |

LDC ! ! bc -
! TX_STATE WUTState | TX_STATE WUT State |

Figure 13. RX and TX LDC Sequences

RX LDC t#&XIIERR(FE B 14 PHRRE. £ LDC RIUHEHARNRSE B FIREE | LAERF RX_STATE,
RAENEEHEISH |, MENEHEREGER  SERRNEEN RS  BSRESE LDC 1Rzl RS R
REE] WUT K7 (B, pEEElR ) FEsE T IREEREHART S, MRENZIBMEISHRRELS T  Bi=Ss
FEIR LDC RIS ERT BRI N RS, WNRER LDC EURHER BRI EISIES  NiEKESERE
— LDC ERFFEA LSRR E R WUT IREFH TR T —NEREEREHA,

End Abort Prolong & End Prolong & Abort Off
wuT | WUT Period | | | |
LDC on J LDC Mode Duration _-_-_i _____ :
XTALon
RX_STATE
Events I I I | | |
Valid packet No SYNC word detected Valid Preamble or Valid Valid Preamble or Packet No RF

SYNC word Packet SYNC word Error Input
detected detected

Figure 14. Low Duty Cycle Mode for RX
£ TXLDC R T , RiEBEEHERINE , LIREESIREPRREERS. NREEEERE &
INT_CTL_ENABLE BHEHIREIZIUS nIRQ MaER. HRER , KiESRSEWRER] WUT REF4ER
ETMREEEHARIER.

8.3. iRfE. MithEBEFN4#E) ADC

Si4438 FFRAEFIGE—MNETNENEREHMEBEAYSHED ADC. — M REBREERESH— GPIO _EAIINEER4.
ADC XF SAR AREEFNAZE] 1 MAIDHHER, BXUUEL (ENOB ) A9 i, HNEISNECEMERT , BARETE
21V, BT 300 Hz Fl 2.44 kHz Zj8), BITESTARIX GET_ADC_READING ¢S BH 2RI
YERIEEY ADC {8, GPIO, EEithEGRE. 25 °C FHYREERESSSRE MR 2 °C, MFTHE AP IFHEE | 15
25 www.silabs.com _FHJ EZRadioPRO API Documentation.zip {4,
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8.4. (KEBEIFN=E

{REBEIRNES (LBD ) {EAIREEERTEEA—EBD /B EFER. RE/ZHE WUT B LBD IhgEsHER , BE2FEM
MCURT{#F4EEN ADC FE&NE N EEIRT a0 e E, LBD IHEEE GLOBAL_WUT_CONFIG APl B+EH. &
R WUT R ES SEER TR, LBD IhAeAYER{ETE GLOBAL_LOW_BATT_THRESH A&, BHELA
50 mV ROLIEHATIENN , SEETERME 1.5V &S 3.05V, LBD AUSHREN 3%, LBD @EAIE{El nIRQ 3L
RIRWTETELE |, SER GPIO z— FRVEEEThEES A,

8.5. R&nE

HNIRREZRERES EIREEL RS | —LRRBRRARAXREDENRITAR, AZRIARY , FARD
Rek, BIRWASRHAN RX &1l , 8N REPREESRENSHRITE. HMESEESiRanpSHoHT. B
BREREEESHREM AR RX ZREAFRIRIHED. A—PREHSARBIT—MAENAT TX HiEE.
HEBERIIRESEEHERE | BT R TESIFRESHMGPIOxX 5|l EEEFZEEHIINE SPDT RF 7k
(0 PIN ZiREEL GaAs T35 ) FRBHNSS. XL GPIO [FEMBRIERILURREN  LIEEFENREDERRE
HIFIECE. £ MODEM_ANT_DIV_CONTROL AP| BHHEARFEIAI antdivi2:0] {7 , HAEHREDERE.
GPIO SIRIAJ{EEIEIA 5 mA RIEER ; EItL , WIREFE | GPIO SIMTTEZMAREMRE PIN —1RE. R&os
BRSAEREZ ABREREEMEETHAZIA. HENRERLEERSHBKEN 8 F15.

8.6. HISHFNIRU

IR FEERTREIIRNN AT |, EXENAPINESMRER. FISHRUEN (PSM) FIRK=ESAEIR
Wes (DSA) , HFAESEARNRE T LA PHESRERIBR TE 8 MURARENZERS. ERESEBETL
SHEIEGHE , BEEINESHREEN T SRR TEREEES. SEMZE N HIRKEREAKRE
. ERUEIRESIHIIARNNNAT BT RX FIREEIREBEEEERRMEISBRERE , FUHERIER
EFENRATHEEHRNRISHRE. EERNEEEMREEIESIHTIREANNAS , FYRREERTE
RATiE. PSM R SEATHHEZRIL  (EEEERAESHENFIERIENBETFEN , LUARIERATFI9EZ
WEBR. IZIRIVATSIEER RX BBiftD 10 mA BUEIOZRE (LP ) —iEfEMA , BiA SRR RX BEiRJ9 13 mA A9
=StERE (HP ) R —ieERA.

Noise (no signal, go back to ready state) Valid Packet (PM detected, stay in Rx)

Receive 14mA
Ready 1.8 mA
Sleep 740 nA

Figure 15. Preamble Sense Mode

®
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Table 15. Data Rates*

Data Rate
1.2 kbps 9.6 kbps 50 kbps 100 kbps
PM length = 4 bytes 6.48 6.84 8.44 10.43 mA
PM length = 8 bytes 3.83 3.96 4.57 5.33 mA

*Note: Typical values. Active RX current is 13 mA.

36
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9. S|HNEIR : Si4438-C

(2 N -
© O oo =)
o o Z2 =2 O
O 0O O X X
son ][] o 1] 1] g
RXp| 2 | [15| nSEL
RXn| 3 | GND [14]sDI
™[ 4] PAD [13] sbo
NC| 5 | [12]|SCLK
(6] 7] [5] [5] [e] 1] i
8 £8 8 &
> g > o o
& O©o O
'—
Pin Pin Name 1/0 Description
Shutdown Input Pin.

y SDN | 0-VDD V digital input. SDN should be = 0 in all modes except Shutdown mode.
When SDN = 1, the chip will be completely shut down, and the contents of the
registers will be lost.

2 RXp | | Differential RF Input Pins of the LNA.

3 RXn [ See application schematic for example matching network.

Transmit Output Pin.
4 X O | The PA output is an open-drain connection, so the L-C match must supply
VDD (+3.3 VDC nominal) to this pin.
It is recommended to connect this pin to GND per the reference design
5 NC schematic. Not connected internally to any circuitry.
5 VDD VDD +1.8 to +3.8 V Supply Voltage Input tollnternal Regulators.
The recommended VDD supply voltage is +3.3 V.
Programmable Bias Output with Ramp Capability for External FET PA.

7 TXRAMP O
See "5.4. &1X88 (TX) "I 27.

8 VDD VDD +1.8 to +3.8 V Supply Voltage Input tollnternal Regulators.

The recommended VDD supply voltage is +3.3 V.

9 GPIOO /0 | General Purpose Digital 1/O.

May be configured through the registers to perform various functions including:

10 GPIOA /o | Microcontroller Clock Output, FIFO status, POR, Wake-Up timer, Low Battery

Detect, TRSW, AntDiversity control, etc.

SILICON LABS
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Pin Pin Name 1/0 Description

General Microcontroller Interrupt Status Output.

When the Si4438 exhibits any one of the interrupt events, the nIRQ pin will be
11 nIRQ O  |setlow = 0. The Microcontroller can then determine the state of the interrupt
by reading the interrupt status. No external resistor pull-up is required, but it
may be desirable if multiple interrupt lines are connected.

Serial Clock Input.

12 SCLK | 0-VDD V digital input. This pin provides the serial data clock function for the
4-line serial data bus. Data is clocked into the Si4438 on positive edge
transitions.

0-VDD V Digital Output.

13 SDO @) , . . . ;
Provides a serial readback function of the internal control registers.

Serial Data Input.

14 SDI | 0-VDD V digital input. This pin provides the serial data stream for the 4-line
serial data bus.

Serial Interface Select Input.

15 nSEL | 0-VDD V digital input. This pin provides the Select/Enable function for the
4-line serial data bus.

Crystal Oscillator Output.

16 XOuT O | Connect to an external 25 to 32 MHz crystal, or leave floating when driving
with an external source on XIN.

Crystal Oscillator Input.

17 XIN I
Connect to an external 25 to 32 MHz crystal, or connect to an external source.
When using a XTAL, leave floating per the reference design schematic. When
18 GND GND |using a TCXO, connect to TCXO GND which should be separate from the
board reference ground plane.
19 GPIO2 I/O | General Purpose Digital /0.
May be configured through the registers to perform various functions, including
20 GPIO3 /0 | Microcontroller Clock Output, FIFO status, POR, Wake-Up timer, Low Battery

Detect, TRSW, AntDiversity control, etc.

The exposed metal paddle on the bottom of the Si4438 supplies the RF and
circuit ground(s) for the entire chip. It is very important that a good solder
connection is made between this exposed metal paddle and the ground plane
of the PCB underlying the Si4438.

PKG | PADDLE_GND | GND

38 {ZiThR 1.0
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10. iITBER

Part Number* Description Package Type Operating
Temperature
Si4438-C2A-GM ISM EZRadioPRO Transceiver QFN-20 —40to 85 °C
Pb-free
*Note: Add an “(R)” at the end of the device part number to denote tape and reel option.
; {EiThR 1.0 39
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11. $IEEIME : Sia438
16 1BAY Sid438 HEHZEFMER., * 16 FH TEEFINER TE.

obbb|C -

Di

/Pin 1 (Laser)
QO

“leee|C

SEATING PLANE

IRBRIREIN

\
INRNIERIN
20x L

Figure 16. 20-Pin Quad Flat No-Lead (QFN)

Table 16. Package Dimensions

20x b
(- |ddd(il}| C[A[B]

Dimension Min Nom Max
A 0.80 0.85 0.90
A1 0.00 0.02 0.05
A3 0.20 REF
b 0.18 \ 0.25 0.30
D 4.00 BSC
D2 2.45 \ 2.60 2.75
e 0.50 BSC
E 4.00 BSC
E2 2.45 2.60 2.75
L 0.30 0.40 0.50
aaa 0.15
bbb 0.15
cce 0.10
ddd 0.10
eee 0.08
Notes:

1. All dimensions are shown in millimeters (mm) unless otherwise noted.

2. Dimensioning and tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MO-220, Variation

VGGD-8.

4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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12. PCB {2£2[E= : Si4438
& 1715887 Si4438 {Y PCB IERE=IFHMEE. * 17 7B EEFHINMER T E.

Cl

Xc

0u0C

1 [+ ] +~ |15
] -t
ce v2 | —) - - Sj
] ]
s ] o

Figure 17. PCB Land Pattern
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Table 17. PCB Land Pattern Dimensions

Symbol Millimeters
Min Max
C1 3.90 4.00
C2 3.90 4.00
E 0.50 REF
X1 0.20 0.30
X2 2.55 2.65
Y1 0.65 0.75
Y2 2.55 2.65
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This land pattern design is based on IPC-7351 guidelines.
Solder Mask Design

3. All metal pads are to be non-solder mask defined (NSMD). Clearance
between the solder mask and the metal pad is to be 60 um minimum, all
the way around the pad.

Stencil Design

4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal
walls should be used to assure good solder paste release.

5. The stencil thickness should be 0.125 mm (5 mils).

6. The ratio of stencil aperture to land pad size should be 1:1 for the
perimeter pads.

7. A 2x2 array of 1.10 x 1.10 mm openings on 1.30 mm pitch should be
used for the center ground pad.

Card Assembly

8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for small body components.
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13. TREPHRIC
13.1. Si4438 TRERFIC

13.2. TREBHRICIREE

Mark Method YAG Laser
Line 1 Marking Part Number 44382A = Si4438 Rev 2A"
Line 2 Marking TTTTTT = Internal Code Internal tracking code.?
. . YY = Year Assigned by the Assembly House. Corresponds to the last
Line 3 Marking WW = Workweek significant digit of the year and workweek of the mold date.

Notes:

1. The first letter after the part number is part of the ROM revision. The last letter indicates the firmware revision.
2. The first letter of this line is part of the ROM revision.

{ZiThR 1.0 43
SILICON LABS




Si4438-C

BRRIER

Silicon Laboratories Inc.

400 West Cesar Chavez

Austin, TX 78701

EBIE : 1+(512) 416-8500

{€E : 1+(512) 416-9669

REREEIE : 1+(877) 444-3032

51318 Silicon Labs FARTIFMMR :
https://www.silabs.com/support/pages/contacttechnicalsupport.aspx

FHEMRSASHFHE R,

EHES
Silicon Labs B AR AR EAGREHEAINEFREMEINE. N2, SUISRREESHAN SR | RIS FEDS LR,
Silicon Labs [ iZEFIA G RES PRIFHI T EAIH R —in TIZZRARIIERR.

AEEEHIRATERTR | (BINEEX , SRS {TEH. Silicon Laboratories S FSERIMERARBEFUS(E , BERYEFERALLMEE

TMSERMEAIERGAE. 5k, Silicon Laboratories S FAREIARITIEESSEFVIEEFERAFIBE(E. Silicon Laboratories fREIEH I+

EEHIRF] , BBARSITIE. Silicon Laboratories XYEF R TFHHFERIRISIEMEAEETEIEMR,. FRERRIE , IR FIER R

PR SR BB BT e AU AT |, S IR EAR IR T RIS M R AR I B G RIEA R, Silicon Laboratories F= &g

FKigit. RIS EF SEFaSMEFESIER , SiATF Silicon Laboratories FtfEn fEiE A SAT ISR AHITE R B+,
BRLHMISLERIE Silicon Laboratories A=A TFEHIIER AR e R EIBINAIRI A , LIS RMRIE Silicon Laboratories A ENF RS
FHRE.

Silicon Laboratories [ Silicon Labs 574 Silicon Laboratories Inc. BIRE#R.
AR R AR~ Rk iR A TR A EAR NS E AR Ra & i iR,

44 {ZiThR 1.0
SILICON LABS


https://www.silabs.com/support/pages/contacttechnicalsupport.aspx

	特点
	应用
	说明
	引脚分配

	功能框图
	Product
	Freq. Range
	Max Output Power
	TX Current
	RX Current
	Si4438
	425–525 MHz
	+20 dBm
	75 mA
	13.7 mA


	1. 电气规格
	Table 1. DC Characteristics*
	Parameter
	Symbol
	Test Condition
	Min
	Typ
	Max
	Unit
	VDD
	1.8
	3.3
	3.8
	V
	IShutdown
	RC Oscillator, Main Digital Regulator, and Low Power Digital Regulator OFF
	—
	30
	—
	nA
	IStandby
	Register values maintained and RC oscillator/WUT OFF
	—
	40
	—
	nA
	ISleepRC
	RC Oscillator/WUT ON and all register values maintained, and all other blocks OFF
	—
	740
	—
	nA
	ISleepXO
	Sleep current using an external 32 kHz crystal.
	—
	1.7
	—
	µA
	ISensor -LBD
	Low battery detector ON, register values maintained, and all other blocks OFF
	—
	1
	—
	µA
	IReady
	Crystal Oscillator and Main Digital Regulator ON, all other blocks OFF
	—
	1.8
	—
	mA
	Ipsm
	Duty cycling during preamble search, 1.2 kbps, 4 byte preamble
	—
	6
	—
	mA
	Ipsm
	Fixed 1 s wakeup interval, 50 kbps, 5 byte preamble
	—
	10
	—
	µA
	ITune_RX
	RX Tune
	—
	7.6
	—
	mA
	ITune_TX
	TX Tune
	—
	7.8
	—
	mA
	IRXH
	—
	13.7
	—
	mA
	ITX_+20
	+20 dBm output power, class-E match, 490 MHz, 3.3 V
	—
	75
	—
	mA


	Table 2. Synthesizer AC Electrical Characteristics1
	Parameter
	Symbol
	Test Condition
	Min
	Typ
	Max
	Unit
	FSYN
	425
	—
	525
	MHz
	FRES-525
	425–525 MHz
	—
	14.3
	—
	Hz
	tLOCK
	Measured from exiting Ready mode with XOSC running to any frequency. Including VCO Calibration.
	—
	50
	—
	µs
	Lf(fM)
	DF = 10 kHz, 460 MHz
	—
	–109
	—
	dBc/Hz
	DF = 100 kHz, 460 MHz
	—
	–111
	—
	dBc/Hz
	DF = 1 MHz, 460 MHz
	—
	–131
	—
	dBc/Hz
	DF = 10 MHz, 460 MHz
	—
	–141
	—
	dBc/Hz


	Table 3. Receiver AC Electrical Characteristics1
	Parameter
	Symbol
	Test Condition
	Min
	Typ
	Max
	Unit
	FRX
	425
	—
	525
	MHz
	PRX_0.5
	(BER < 0.1%) (500 bps, GFSK, BT = 0.5, Df = ±250Hz)2
	—
	–124
	—
	dBm
	PRX_40
	(BER < 0.1%) (40 kbps, GFSK, BT = 0.5, Df = ±20 kHz)2
	—
	–108
	—
	dBm
	PRX_100
	(BER < 0.1%) (100 kbps, GFSK, BT = 0.5, Df = ±50 kHz)1
	—
	–104
	—
	dBm
	PRX_9.6
	(BER < 0.1%) (9.6 kbps, GFSK, BT = 0.5, Df = ±4.8 kHz)2
	—
	–114
	—
	dBm
	PRX_OOK
	(BER < 0.1%, 4.8 kbps, 350 kHz BW, OOK, PN15 data)2
	—
	–108
	—
	dBm
	(BER < 0.1%, 40 kbps, 350 kHz BW,
	OOK, PN15 data)2
	—
	–102
	—
	dBm
	(BER < 0.1%, 120 kbps, 350 kHz BW, OOK, PN15 data)2
	—
	–98
	—
	dBm
	BW
	1.1
	—
	850
	kHz
	RESRSSI
	—
	±0.5
	—
	dB
	C/I1-CH
	Desired Ref Signal 3 dB above sensitivity, BER < 0.1%. Interferer is CW, and desired is modulated with 2.4 kbps DF = 1.2 kHz GFSK with BT = 0.5, RX channel BW = 4.8 kHz, channel spacing = 12.5 kHz
	—
	–60
	—
	dB
	1MBLOCK
	Desired Ref Signal 3 dB above sensitivity, BER = 0.1%. Interferer is CW, and desired is modulated with 2.4 kbps, DF = 1.2 kHz GFSK with BT = 0.5, RX channel BW = 4.8 kHz
	—
	–77
	—
	dB
	8MBLOCK
	—
	–84
	—
	dB
	ImREJ
	Rejection at the image frequency. IF = 468 kHz
	—
	40
	—
	dB


	Table 4. Transmitter AC Electrical Characteristics1
	Parameter
	Symbol
	Test Condition
	Min
	Typ
	Max
	Unit
	FTX
	425
	—
	525
	MHz
	DRFSK
	0.1
	—
	500
	kbps
	DROOK
	0.1
	—
	120
	kbps
	Df525
	425–525 MHz
	—
	750
	—
	kHz
	FRES-525
	425–525 MHz
	—
	14.3
	—
	Hz
	PTX
	Typical range at 3.3 V
	with class E match optimized for best PA efficiency.
	–20
	—
	+20
	dBm
	DPRF_OUT
	Using Class E match within 6 dB of max power
	—
	0.25
	—
	dB
	DPRF_TEMP
	–40 to +85 °C
	—
	2.3
	—
	dB
	DPRF_FREQ
	—
	0.6
	—
	dB
	B*T
	Gaussian Filtering Bandwith Time Product
	—
	0.5
	—


	Table 5. Auxiliary Block Specifications1
	Parameter
	Symbol
	Test Condition
	Min
	Typ
	Max
	Unit
	TSS
	—
	4.5
	—
	ADC Codes/ °C
	LBDRES
	—
	50
	—
	mV
	FMC
	Configurable to Fxtal or Fxtal divided by 2, 3, 7.5, 10, 15, or 30 where Fxtal is the reference XTAL frequency. In addition, 32.768 kHz is also supported.
	32.768K
	—
	Fxtal
	Hz
	TEMPCT
	Programmable setting
	—
	3
	—
	ms
	XTALRange
	25
	—
	32
	MHz
	t30M
	Using XTAL and board layout in reference design. Start-up time will vary with XTAL type and board layout.
	—
	300
	—
	µs
	30MRES
	—
	70
	—
	fF
	t32k
	—
	2
	—
	sec
	32KRCRES
	—
	2500
	—
	ppm
	tPOR
	—
	—
	6
	ms


	Table 6. Digital IO Specifications (GPIO_x, SCLK, SDO, SDI, nSEL, nIRQ, SDN)1
	Parameter
	Symbol
	Test Condition
	Min
	Typ
	Max
	Unit
	TRISE
	0.1 x VDD to 0.9 x VDD, CL = 10 pF, DRV<1:0> = LL
	—
	2.3
	—
	ns
	TFALL
	0.9 x VDD to 0.1 x VDD, CL = 10 pF, DRV<1:0> = LL
	—
	2
	—
	ns
	CIN
	—
	2
	—
	pF
	VIH
	VDD x 0.7
	—
	—
	V
	VIL
	—
	—
	VDD x 0.3
	V
	IIN
	0<VIN< VDD
	–1
	—
	1
	µA
	IINP
	VIL = 0 V
	1
	—
	4
	µA
	IOmaxLL
	DRV[1:0] = LL3
	—
	6.66
	—
	mA
	IOmaxLH
	DRV[1:0] = LH3
	—
	5.03
	—
	mA
	IOmaxHL
	DRV[1:0] = HL3
	—
	3.16
	—
	mA
	IOmaxHH
	DRV[1:0] = HH3
	—
	1.13
	—
	mA
	IOmaxLL
	DRV[1:0] = LL3
	—
	5.75
	—
	mA
	IOmaxLH
	DRV[1:0] = LH3
	—
	4.37
	—
	mA
	IOmaxHL
	DRV[1:0] = HL3
	—
	2.73
	—
	mA
	IOmaxHH
	DRV[1:0] = HH3
	—
	0.96
	—
	mA
	IOmaxLL
	DRV[1:0] = LL3
	—
	2.53
	—
	mA
	IOmaxLH
	DRV[1:0] = LH3
	—
	2.21
	—
	mA
	IOmaxHL
	DRV[1:0] = HL3
	—
	1.7
	—
	mA
	IOmaxHH
	DRV[1:0] = HH3
	—
	0.80
	—
	mA
	VOH
	DRV[1:0] = HL
	VDD x 0.8
	—
	—
	V
	VOL
	DRV[1:0] = HL
	—
	—
	VDD x 0.2
	V


	Table 7. Thermal Operating Characteristics
	Parameter
	Value
	Unit
	–40 to +85
	°C
	25
	°C/W
	+105
	°C
	–55 to +150
	°C


	Table 8. Absolute Maximum Ratings*
	Parameter
	Value
	Unit
	–0.3, +3.8
	V
	–0.3, +8.0
	V
	–0.3, +6.5
	V
	–0.3, VDD + 0.3
	V
	–0.3, VDD + 0.3
	V
	–0.7, VDD + 0.3
	V
	+10
	dBm



	2. 功能描述
	3. 控制器接口
	3.1. 串行外围接口 (SPI)
	Table 9. Serial Interface Timing Parameters
	Symbol
	Parameter
	Min (ns)
	Max (ns)
	Diagram
	tCH
	Clock high time
	40
	tCL
	Clock low time
	40
	tDS
	Data setup time
	20
	tDH
	Data hold time
	20
	tDD
	Output data delay time
	43
	tDE
	Output disable time
	45
	tSS
	Select setup time
	20
	tSH
	Select hold time
	50
	tSW
	Select high period
	80


	Figure 1. SPI Write Command
	Figure 2. SPI Read Command—Check CTS Value
	Figure 3. SPI Read Command—Clock Out Read Data

	3.2. 快速响应寄存器
	3.3. 工作模式和计时
	Figure 4. State Machine Diagram
	Table 10. Operating State Response Time and Current Consumption
	State/Mode
	Response Time to
	Current in State /Mode
	TX
	RX
	Shutdown State
	15 ms
	15 ms
	30 nA
	Standby State
	Sleep State
	SPI Active State
	Ready State
	TX Tune State
	RX Tune State
	504 µs
	504 µs
	288 µs
	108 µs
	60 µs
	—
	516 µs
	516 µs
	296 µs
	120 µs
	—
	84 µs
	40 nA
	740 nA
	1.35 mA
	1.8 mA
	7.8 mA
	7.6 mA
	TX State
	—
	132 µs
	75 mA @ +20 dBm
	RX State
	120 µs
	75 µs
	13.7 mA


	3.3.1. 加电复位 (POR)
	Figure 5. POR Timing Diagram
	Table 11. POR Timing
	Variable
	Description
	Min
	Typ
	Max
	Units
	tPORH
	10
	ms
	tPORL
	10
	ms
	VRRH
	90%*Vdd
	V
	VRRL
	0
	150
	mV
	tSR
	1
	ms


	3.3.2. 关机状态
	3.3.3. 待机状态
	3.3.4. 睡眠状态
	3.3.5. SPI 活动状态
	3.3.6. 就绪状态
	3.3.7. TX 状态
	Figure 6. Start_TX Commands and Timing
	3.3.8. RX 状态

	3.4. 应用程序编程接口
	3.5. 中断
	3.6. GPIO
	Table 12. GPIOs
	Pin
	SDN State
	POR Default
	GPIO0
	0
	POR
	GPIO1
	0
	CTS
	GPIO2
	0
	POR
	GPIO3
	0
	POR
	nIRQ
	resistive VDD pull-up
	nIRQ
	SDO
	resistive VDD pull-up
	SDO
	SDI
	High Z
	SDI
	SCLK
	High Z
	SCLK
	NSEL
	High Z
	NSEL




	4. 调制和硬件配置选项
	4.1. 调制类型
	4.2. 硬件配置选项
	4.2.1. 接收解调器选项
	4.2.2. 与 MCU 的 RX/TX 数据接口

	4.3. 前导长度
	4.3.1. 数字信号到达检测器
	4.3.2. 传统前导检测
	Table 13. Recommended Preamble Length
	Mode
	AFC
	Antenna Diversity
	Preamble Type
	Recommended Preamble Length
	Recommended Preamble Detection Threshold
	(G)FSK
	Disabled
	Disabled
	Standard
	4 Bytes
	20 bits
	(G)FSK
	Enabled
	Disabled
	Standard
	5 Bytes
	20 bits
	(G)FSK
	Disabled
	Disabled
	Non-standard
	2 Bytes
	0 bits
	(G)FSK
	Enabled
	Non-standard
	Not Supported
	(G)FSK
	Disabled
	Enabled
	Standard
	7 Bytes
	24 bits
	(G)FSK
	Enabled
	Enabled
	Standard
	8 Bytes
	24 bits
	OOK
	Disabled
	Disabled
	Standard
	4 Bytes
	20 bits
	OOK
	Disabled
	Disabled
	Non-standard
	2 Bytes
	0 bits
	OOK
	Enabled
	Not Supported




	5. 内部功能块
	5.1. RX 链
	5.2. RX 调制解调器
	5.2.1. 自动增益控制 (AGC)
	5.2.2. 自动频率校正（AFC）
	5.2.3. 接收信号强度指示器
	5.2.4. RSSI 转移指示器（碰撞检测）

	5.3. 合成器
	5.3.1. 合成器频率控制

	5.4. 发送器（TX）
	Table 14. Ramp Times as a Function of TC[3:0] Value
	TC
	Ramp Time (µs)
	0
	1.25
	1
	1.33
	2
	1.43
	3
	1.54
	4
	1.67
	5
	1.82
	6
	2.00
	7
	2.22
	8
	2.50
	9
	2.86
	10
	3.33
	11
	4.00
	12
	5.00
	13
	6.67
	14
	10.00
	15
	20.00

	Number
	Command
	Summary
	0x2200
	PA_MODE
	0x2201
	PA_PWR_LVL
	0x2202
	PA_BIAS_CLKDUTY
	0x2203
	PA_TC


	5.4.1. Si4438：+20 dBm PA
	Figure 7. +20 dBm TX Power vs. PA_PWR_LVL
	Figure 8. +20 dBm TX Power vs. VDD
	Figure 9. +20 dBm TX Power vs. Temp

	5.5. 晶体振荡器
	Figure 10. Capacitor Bank Frequency Offset Characteristics


	6. 数据处理和分组处理程序
	6.1. RX 和 TX FIFO
	Figure 11. TX and RX FIFOs

	6.2. 分组处理程序
	Figure 12. Packet Handler Structure


	7. RX 调制解调器配置
	8. 辅助块
	8.1. 唤醒定时器和 32 kHz 时钟源
	8.2. 低占空比模式（自动 RX 唤醒）
	Figure 13. RX and TX LDC Sequences
	Figure 14. Low Duty Cycle Mode for RX

	8.3. 温度、电池电压和辅助 ADC
	8.4. 低电量探测器
	8.5. 天线分集
	8.6. 前导探测模式
	Figure 15. Preamble Sense Mode
	Table 15. Data Rates*
	Data Rate
	1.2 kbps
	9.6 kbps
	50 kbps
	100 kbps
	6.48
	6.84
	8.44
	10.43
	mA
	3.83
	3.96
	4.57
	5.33
	mA




	9. 引脚描述：Si4438-C
	Pin
	Pin Name
	I/0
	Description
	1
	SDN
	I
	2
	RXp
	I
	3
	RXn
	I
	4
	TX
	O
	5
	NC
	6
	VDD
	VDD
	7
	TXRAMP
	O
	8
	VDD
	VDD
	9
	GPIO0
	I/O
	10
	GPIO1
	I/O
	11
	nIRQ
	O
	12
	SCLK
	I
	13
	SDO
	O
	14
	SDI
	I
	15
	nSEL
	I
	16
	XOUT
	O
	17
	XIN
	I
	18
	GND
	GND
	19
	GPIO2
	I/O
	20
	GPIO3
	I/O
	PKG
	PADDLE_GND
	GND


	10. 订购信息
	Part Number*
	Description
	Package Type
	Operating Temperature
	Si4438-C2A-GM
	ISM EZRadioPRO Transceiver
	QFN-20
	Pb-free
	–40 to 85 °C


	11. 封装外形：Si4438
	Figure 16. 20-Pin Quad Flat No-Lead (QFN)
	Table 16. Package Dimensions
	Dimension
	Min
	Nom
	Max
	A
	0.80
	0.85
	0.90
	A1
	0.00
	0.02
	0.05
	A3
	0.20 REF
	b
	0.18
	0.25
	0.30
	D
	4.00 BSC
	D2
	2.45
	2.60
	2.75
	e
	0.50 BSC
	E
	4.00 BSC
	E2
	2.45
	2.60
	2.75
	L
	0.30
	0.40
	0.50
	aaa
	0.15
	bbb
	0.15
	ccc
	0.10
	ddd
	0.10
	eee
	0.08



	12. PCB 焊盘图案：Si4438
	Figure 17. PCB Land Pattern
	Table 17. PCB Land Pattern Dimensions
	Symbol
	Millimeters
	Min
	Max
	C1
	3.90
	4.00
	C2
	3.90
	4.00
	E
	0.50 REF
	X1
	0.20
	0.30
	X2
	2.55
	2.65
	Y1
	0.65
	0.75
	Y2
	2.55
	2.65



	13. 顶部标记
	13.1. Si4438 顶部标记
	13.2. 顶部标记说明

	联系信息

